S
pinal epidural hemangiomas account for about 4% of all spinal epidural tumors and 12% of spinal cord vascular diseases. 3, 9, 16 Spinal cavernous hemangio mas usually originate from vertebrae and invade the epi dural space. Pure non-vertebral origin spinal epidural cavernous hemangiomas are relatively rare; so far only about 100 cases have been reported in the literature. 12, 14 With the widespread use of MRI, the rate of discovery of spinal epidural hemangiomas has dramatically increased. 6 Due to their tendency to spontaneously and intraopera tively bleed, as well as the probability of recurrence, spi nal epidural hemangiomas should receive more attention from neurosurgeons. We report on 14 patients with patho logically diagnosed non-vertebral origin cavernous hem angiomas that were surgically at Beijing Tiantan Hospital between 2003 and 2012. We analyze the patients' clinical data, image characteristics, surgical treatment, and post operative followup.
abbreviatiON DSA = digital subtraction angiography. SubMitteD October 8, 2013 . accePteD September 15, 2014 . iNcluDe WHeN citiNG Published online October 24, 2014; DOI: 10.3171/2014.9.SPINE13901. DiSclOSure The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this paper.
Methods

Patient Population
We obtained consent from the institutional review board of Beijing Tiantan Hospital. Fourteen patients with pathologically diagnosed non-vertebral origin cavern ous hemangiomas who had undergone surgery at Beijing Tiantan Hospital between 2003 and 2012 were identified in the hospital's database. Patients' clinical character istics, MR images, and followup surgical results were retrospectively analyzed. The patients' symptoms were classified as local pain, radiculopathy, and myelopathy. 1 The extent of resection was considered total, subtotal, or partial.
Neurological and imaging assessment
The Frankel grading system (Table 1 ) was used to evaluate the patients' neurological function. 5 Functional assessments were conducted preoperatively, postopera tively, and during regular followup.
Imaging results were summarized according to the re port provided by the Beijing Tiantan Hospital Neuroim aging Center, and the lesion shape was classified as hav ing smooth, lobulated, or invasive contours.
results
General clinical characteristics
The general characteristics of the 14 patients (9 males and 5 females) are summarized in Table 2 . The average patient age was 51.64 years (range 15-79 years). The le sions were located in the cervical spine in 2 patients, cervicothoracic junction in 2 patients, thoracic spine in 8 patients, thoracolumbar junction in 1 patient, and lumbar spine in 1 patient. Acute onset occurred in 3 cases, while the remaining 11 patients had a chronic clinical course. The initial symptoms were documented as local symp toms in 5 patients, radiculopathy in 6 patients, and my elopathy in 3 patients. On admission, only 1 patient still had radicular symptoms while the remaining 13 patients developed myelopathic symptoms. The average duration of preoperative symptoms was 18 months. At admission, 4 patients had myelopathic signs, 6 patients had sensory dysfunction, 6 patients had weakness, and 5 patients de veloped sphincter disturbances. In 3 patients with acute symptom onset from hemorrhage, symptoms included flaccid paralysis, sphincter disturbances, and clear sen sory level below the injury plane.
Three patients experienced recurrence 14 years, 10 years, and 3 years after the original surgery. All 3 pa tients were found to have visible bone destruction, and their tumors adhered closely to surrounding tissue, with out a clear border (Fig. 1) .
Mri characteristics
All patients underwent preoperative MRI with and without contrast (Table 3) . Ten lesions were located in the dorsal spinal canal and 2 were in the ventral canal. The other 2 lesions were limited to the lateral portion of the spinal canal. In 9 cases, the tumor extended into the inter vertebral foramen (5 lesions on the left side, 3 lesions on the right side, and 1 lesion bilaterally). Intramedullary ab normal signal was seen in 3 cases. On T1weighted imag ing, 2 tumors were hyperintense, 3 were hypointense, and 9 were isointense. On T2weighted imaging, 10 lesions were hyperintense, 3 were hypointense, and 1 was isoin tense. In 11 cases, the tumors enhanced after GdDTPA administration (8 strongly enhanced). In 9 patients, the tumors showed a lobulated contour (Fig. 2) .
Preoperative Diagnosis
Five tumors had been preoperatively diagnosed as schwannomas, 1 as meningioma, 1 as an arachnoid cyst, 2 as epidural hemorrhagic lesions, 3 as cases of recurrent epidural hemangioma, and 2 cases were diagnosed as spi nal vascular malformations.
Surgical Details
All patients underwent surgery in the lateral decubi tus position (left side up in 12 cases and right side up in 2 cases) via a posterior midline approach. In 2 patients with epidural hematoma, laminectomy was performed; hemilaminotomy was performed in 1 case, while the re maining patients (with the exception of the patients with recurrent lesions since the laminae had been previously removed) underwent laminoplasty.
The lesions were usually well circumscribed, dark red or purplish red and soft. The blood supply was rich and the tumor easily became bloody when touched by an in strument. The lesions shrank upon bipolar coagulation, which often can facilitate tumor dissection from the dura mater or nerve root. Generally abnormal proliferation of vascular malformation was seen; small feeding arteries and draining veins were visible. In one case, a large cystic mass was found in the dorsal and lateral spinal canal, with a thick gray and tough hard cyst wall; the lesion adhered tightly to the dura and had a rich blood supply. Brownish cyst fluid was released after complete resection of the le sion (Fig. 3) . In another case the lesion was polycystic with visible yellowish discoloration of the surrounding tissue. Hemorrhages were identified in 4 patients intraoperative ly, including 2 patients with perilesional/epidural hemato mas (Fig. 4 ) and 2 patients with intralesional hematoma.
extent of resection
Total resection was achieved in 8 patients, and par tial resection was done in 2 patients due to the vigorous bleeding encountered during the surgery. In both cases surgery was terminated after the hemorrhage was con trolled with Gelfoam sponge rolls. In 2 cases, the tumor extended far out of the neuroforamen, so only subtotal resection was achieved. In the 3 cases of recurrence, the tumors were found to closely adhere to the surrounding tissue without a clear border.
Follow-up
Postoperative followup was completed in 10 patients (Table 4) , with an average of 34 months of followup. One patient died of pulmonary complications due to a long term condition that rendered him bedridden, 5 patients demonstrated significant clinical improvement, and 4 pa tients remained neurologically unchanged, including all 3 acutely paraplegic patients.
Discussion
Cavernous hemangiomas can be found in multiple sys tems of the body. 3 Spinal cavernous hemangiomas are relatively rare; the majority originate from the vertebral body and extend into the epidural space. A pure spinal epidural cavernous hemangioma is rare.
The maletofemale ratio of this group was 1.8:1 (9/5), with a clear male predominance, which is different from previous reports in the literature. 9, 17 The average patient age in our group was 51.64 years (range 15-79 years), confirming the previous reports that epidural cavernous hemangioma is a rare condition in the pediatric popula tion. 13 The tumors were more commonly located in the thoracic spine than in the cervical spine, which is in gen eral agreement with the literature. 4, 6 On admission, more patients had myelopathic symptoms (13 patients) than radicular symptoms (1 patient), proving that the nerve root can tolerate longterm soft compres sion much better than the spinal cord. Most pa tients with epidural cavernous hemangiomas have a chronic clinical course (18 months), with symptoms gradually worsening over several months. This may be associated with small intralesional hemorrhages and embolism, the proliferation of blood vessels caused by hormones, or poor venous re turn. 8, 9 In most studies, 3 different modes of manifestation are distinguished: acute hemorrhage into the lesion, acute hemorrhage surrounding the lesion; and slow seeping hemorrhage. 13 Polycystic lesions seen during surgery may be caused by repeated bleeding and absorption, eventually leading to symptoms due to increasing tumor volume. A large amount of epidural hemorrhage usually results in acute spinal cord compression symptoms. 4, 9 In patients with small to moderatesized epidural hematomas, as the hematoma is absorbed over time, patients can experience spontaneous symptom relief, thus causing confusion with multiple sclerosis and spinal cord inflammatory disor ders if MRI is not performed in a timely fashion. A large amount of acute hemorrhage often leads to severe cord damage; even prompt emergency surgical decompression cannot reverse all preoperative myelopathic symptoms. Acute bleeding can be triggered by trauma, heavy exercise, and use of anticoagulants, and it can also happen without any predisposing events. In general, the initial symptom was a sudden onset of severe local pain, followed by rapid development of paralysis, sensory level, and urinary/fecal incontinence.
FiG. 2. Case 10. Magnetic resonance images showing an irregular lesion that is hyperintense on T2-weighted images (a, arrow) and
Generally, intraspinal vascular lesions can be divided into vascular tumors (hemangioblastoma and cavernous malformation) and arteriovenous malformations. They can also be divided into epidural and intradural lesions. Epi dural lesions frequently possess rich vascularity, which can lead to more rapid absorption of hemosiderin. Thus, the hemosiderin rings that are commonly associated with intraparenchymal cavernous malformation are less fre quently seen in patients with epidural cavernous lesions. Based on MRI characteristics, spinal epidural vascular le sions can be categorized into 4 types: arteriovenous type with an organized hematoma, venous type, cavernous type, and cavernous type with hematoma. 10 Digital subtraction angiography (DSA) has no role in the management of epi dural cavernous hemangiomas, 7, 12 since these lesions fail to show up on angiography and cannot be embolized; how ever, DSA can be helpful in ruling out other types of spi nal vascular malformations. Arteriovenous malformations usually show flow void signal on MR images due to highvelocity blood flow.
In our study, 10 of the 14 lesions were located in the dorsal spinal canal, which may reflect the fact that there is more space in the dorsal canal, 9 as well as the plastic nature of the softtexture cavernous hemangioma. 3 In 9 cases, the tumors grew into the intervertebral foramen, which may be due to the loose tissue structure inside the neuroforamen. 2, 16, 17 On average, 2.5 vertebral segments were involved in each case, suggesting that epidural cav ernous hemangiomas more likely tend to grow laterally than longitudinally. Bone destruction was found in 5 cases (and in all 3 cases of recurrence). Pure epidural cav ernous hemangiomas occasionally can cause bone destruction, al though in our study bone destruction was more commonly seen in cases of recurrence, which may be explained by the previous surgery or simply because patients who ex perienced recurrence harbored the tumor for a long time. Three patients had extraforaminal components that were larger than the intracanal tumors. All 3 of these lesions were located in the thoracic spine; the negative thoracic cavity pressure may facilitate the growth of the cavern ous hemangioma toward the pleural cavity. Intramedullary high signal intensity was found in 3 cases and was usually associated with highdegree cord compression due to tu mor hemorrhage or fast growth; this finding is an indepen dent negative prognostic sign.
Primary epidural cavernous hemangioma is a relatively rare clinical entity, and precise preoperative diagnosis is difficult except in cases of recurrence or those associated with hematoma. In most of our patients, the tumor is isoin tense on T1weighted images and hyperintense on T2 weighted images; the tumor signal is slightly lower than that of water (10 of 14 cases). Tumors with hemorrhage, liquefaction of the hematoma, or intravascular thrombosis can have different signals on MRI or heterogeneous en hancement. 9, 17 Primary epidural cavernous hemangiomas share many common imaging features with schwannomas and meningiomas; however, we believe the following fea tures can help to distinguish these lesions from other com mon spinal lesions. Cavernous hemangiomas can grow into multiplelevel or bilateral neuroforamina (5/14); when they do extend through the foramen as a dumbbellshaped lesion, they do not enlarge the neuroforamen as much as a schwannoma or neurofibroma of similar size, and they often have an irregular or lobulated contour with strong enhancement. Schwannomas enhance less after admin istration of contrast medium and frequently have cystic changes. Clinically, less radicular pain or spontaneously resolved radicular pain in the presence of a large intra foraminal lesion is a rule for epidural cavernous heman gioma. A peripheral rim, shown as atypical hypodensity on both T1 and T2weighted images and caused by hemo siderin deposits from previous intralesional bleeding, can be seen on MRI. Lymphoma usually appears isointense on T2weighted images and exhibits less frequent para vertebral extension and intervertebral neural foraminal widening. An angiolipoma is typically hyperintense on T1weighted images because of its fat content, while the fat in a cavernous hemangioma is usually absent.
In this study, all 3 recurrent tumors were large and tight ly adhered to surrounding tissue with unclear tumor bor ders. Bony destruction was seen in all 3 cases. We failed to achieve a total resection in 2 cases; recurrent tumor seems to be the most important hindrance in achieving total re section, although there are reports that total resection still can be achieved by elaborate microscopic surgery in cases of recurrent epidural cavernous hemangioma. 1, 3, 12 Complete resection is currently the best treatment for epidural cavernous hemangiomas. 9, 17 During surgery, whenever a hypervascular lesion encroaches onto the dura mater with a soft, purple tumor mass extending through the foramen, an epidural cavernous hemangioma should be strongly suspected. Tumor biopsy should be avoided. The first step of surgery should be bipolar coagulation to disrupt the abnormal proliferation of blood vessels and feeding arteries (root artery and its branches), followed by coagulation of the thickened draining veins. Electroco agulation can greatly shrink the cavernous hemangioma, thereby reducing the unpredictable intraoperative bleed ing 15 and facilitate the separation of the tumor. En bloc resection is the preferred surgical strategy, although it is impossible in cases in which the tumor extends beyond the neuroforamen. In cases in which piecemeal resection has to be done, tightly packed Gelfoam roll compression is quite effective for hemostasis. Cavernous hemangiomas can often encase the spinal nerve root inside the canal. When the tumors are dissected away from nerve root, the tumor mass is violated and intense bleeding can be encountered. We prefer to use Cottonoids to push the tu mor toward the neuroforamen. When tumor dissection is completed, some intractable hemorrhage may be caused by bony erosion; this should be promptly recognized and managed with bone wax rather than electrocautery.
We routinely use the lateral position with the tumor side up. This position also helps to clear the operative field and control vigorous intraoperative bleeding. The later al position also reduces epidural venous pressure in the vertebral canal due to the reduced chest and abdominal compression. For dumbbellshaped large tumors, we pre fer to perform a laminectomy and only partial medial fac etectomy, without disrupting the osseous continuity of the interarticularis, thereby avoiding spinal fusion and fixa tion. 16 The extraforaminal tumor can be removed through a separate lateral approach.
In patients with an acute symptom onset due to hemor rhage, DSA can be done to rule out other vascular malfor mations if the patient's condition allows, but DSA cannot For patients with lesions growing into the pleural cav ity or adjacent vital structures (such as the vertebral ar tery), total resection should not be forced to avoid serious complications. 2 In cases of incomplete resection, radiation therapy has been suggested to control the tumor growth, Sohn et al. suggested performing stereotactic radiotherapy (32 Gy in 4 fractions).
14 The authors reported on 1 patient with a thoracic intraforaminal lesion. At the 3year follow up, the tumor showed no evidence of growth. The use of radiation therapy remains a controversial issue since the natural history of epidural cavernous hemangioma is still unclear, and the therapeutic effect of radiation therefore cannot be determined from this limited number of cases.
Ten patients were followed up with a median of 36 months after the operation. One patient died, 5 patients demonstrated significant clinical improvement, and 4 pa tients remained neurologically unchanged. In 2 cases of subtotal resection and 2 cases of partial resection with an average followup of 36.5 months, there has been no symp tom progression, and the tumor size has remained stable on the followup MRI imaging, indicating slow tumor growth. One patient died of pulmonary complications, and all other patients remained neurologically stable or showed improvement during the followup period. These results prove that the operations were effective. 9, 17 The pre operative neurological condition seemed to be the most important prognostic factor in our group of patients. Since the surgery is safe and effective and paralysis due to acute hemorrhage is known to adversely affect the outcome, it is worth evaluating whether we should consider surgical op tions in asymptomatic patients with large epidural cavern ous hemangiomas. A better study on the natural history of this disorder can help us to answer this question.
conclusions
Total surgical removal of primary spinal epidural cav ernous hemangiomas with a chronic course is the optimum treatment and has a good prognosis. Additional surgery for recurrent tumors is technically more challenging, and total resection may not be possible; however, partial tumor re section and decompression can still reverse patients' symp toms. The preoperative neurological condition is the most important prognostic factor. In patients with acute paralysis due to hemorrhage, even an emergency decompression and complete tumor resection cannot lead to complete recovery.
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